Abstract In this research work, residual potassium hydroxide catalyst was removed from palm oilbased alkyl esters (biodiesel) using membrane separative technique, with the aim of achieving highquality biodiesel that meets international standard specifications. Further, Central Composite Design (CCD) coupled with Response Surface Methodology (RSM) was employed to study the effects of the system variables such as flow rate, temperature and transmembrane pressure (TMP) on the retention of potassium. At the optimum conditions, the coefficient of retention (%R) of the catalyst was 93.642, and the content of the potassium was reduced from 8.328 mg/L to 0.312 mg/L; a value well below the one specified by both EN 14214 and ASTM D6751 standards. In addition, the comparison between predicted and experimental values for the catalyst retention offers a reasonable percentage error of 0.081%. Therefore, this study has proven that membrane technique can be used to post treat crude biodiesel; in order to achieve high-quality biodiesel fuel that can be efficiently used on diesel engines.
Introduction
It is noteworthy to note that increasing energy demands, diminishing fossil fuel resources, concern over environmental pollution, and the necessity to use clean fuels worldwide have motivated investigations on the substitute renewable energy sources such as wind energy, biofuels, and geothermal energy [1, 2] . Biodiesel is ranked one of the most suitable substitute fuels to petro-diesel fuel. It is usually derived from varieties of feedstocks including among others; animal fats and vegetable oils. Because biodiesel is produced from biomass materials, it provides numerous advantages which include; renewability, biodegradability, reduction in global warming effects, higher cetane numbers and higher flash points. In addition, biodiesel offers low aromatic and sulfur contents, high energy content, as well no net addition to the atmospheric CO 2 levels [3] . Also, the dependency on the importation of petroleum is reduced, since biodiesel is obtained from domestic sources [4] .
Biodiesel is usually produced via four different techniques namely; direct/blend with oils [5, 6] , micro-emulsions [7] , pyrolysis [6] , and transesterification [1] . Among these techniques, biodiesel production is mostly achieved by means of transesterification. Transesterification is the reaction involving triglycerides with a short-chain alcohol such as methanol and ethanol in the presence of a catalyst. The process of transesterification produces biodiesel as the main product and glycerol as by-product. Further, methanol is frequently used as alcohol in biodiesel production, because of its availability, low price, good physicochemical properties, and it also leads to low viscous biodiesel fuel [8] . It is worth mentioning that, the process of transesterification is employed to decrease the viscosity of triglycerides; thus improving the physical properties of biodiesel [9] .
Transesterification is catalyzed through alkaline, acid, or enzymes catalyst [6, 8, 10] . Because of the nonexistence of soaps formation and the ease to refine crude biodiesel; enzymes catalysts have received more attention from different researchers. However, high cost and longer reaction rates have limited their biodiesel commercial application [10] . Although, a number of researchers preferred acid and alkaline catalysts compared with enzymes catalysts in producing biodiesel fuel, because of their lower prices and availability. However, transesterification reaction involving acid catalysts require longer reaction time and higher oil to alcohol ratios, as well the catalysts are very corrosive and difficult to manage [11] .
Biodiesel production mostly employed alkaline catalysts such as sodium hydroxide and potassium hydroxide [9, 12] . It was reported that biodiesel is best produced using homogeneous alkaline catalysts [11] . Alkali-catalyzed transesterification process presents several advantages which include; operating at moderate temperature (40-60°C), ambient pressure, and offering high biodiesel yields of 98-99% in short reaction times. Compared with acid catalysts, alkali-catalyzed transesterification is 4000 times faster [13] . Also, for alkaline catalysts to effectively perform, the contents of free fatty acids and water in any feedstock should not be more than 0.5 wt% and 0.6%, respectively [4, 14] .
Further, once the glycerin and biodiesel phases have been separated, the excess alcohol in each phase is removed by distillation. In other systems, the alcohol is removed and the mixture neutralized before the glycerin and esters is separated. In either case, the alcohol is recovered and re-used. The by-product, glycerin contains unused catalyst and soaps formation that are neutralized with an acid and sent to storage as crude glycerin (water and alcohol are removed later, chiefly using evaporation, to produce 80-88% pure glycerin). Once separated from glycerin, the crude biodiesel undergo a number of purification steps such as excess methanol removal via rotary evaporation, neutralization, wet washing and drying. These steps are required to remove the contaminants in biodiesel prior to its application as fuel on diesel engines [15] . Presence of the remaining alkaline metals in biodiesel fuel can cause problems in the fuel injection system components due to the formation of carbon residue [9] . It is of great importance to mention that the tolerable limit specified by the international standards (EN 14214 and ASTM D6751) for metal content in biodiesel is 5 mg/kg [9] . For that reason, catalyst removal after the completion of alkali-catalyzed transesterification is important.
Furthermore, crude biodiesel is frequently refined through different techniques namely wet washing, dry washing and membrane extraction [16] [17] [18] . However water washing is the most conventionally used method in the biodiesel industry.
Usually, an acid such as H 3 PO 4 is added to neutralize the remaining catalyst and split the soap before wet washing process commences [19] . The tribulations related to wet washing process have resulted to the application of dry washing method. Dry washing method employs either ion exchange resins or silicates. This technique is introduced to purposely replace wet washing technology in order to circumvent the problems associated with wet washing method. On the contrary, application of both wet and dry washing technologies result to increase in the production cost due to the cost of added materials and in some situations overrun specified limits as stipulated in EN 14214 Standard [6, 9] .
The recent use of membrane technology for the purification of crude biodiesel has provided impetus for the achievement of high-quality biodiesel fuel. Membrane systems exploit the inherent properties of high surface-area-per-unit-volume, high selectivity, and their prospect to control the level of contact and/or mixing between two phases [20] . Membranes are classified into two: inorganic and organic membranes. Inorganic membranes are preferred because of the following reasons: high thermal and mechanical stability, resistance to acid and base environments, and present energy savings [21, 22] . Purification of crude biodiesel via membrane technology was reported to provide high-quality biodiesel [9] . But in all the previous literatures published, no research work has been conducted on the optimization of ceramic membranes with pore size of 0.05 lm for the removal of residual catalyst (KOH) from crude biodiesel. As a result, this paper is focused on the removal of residual catalyst (KOH) from crude biodiesel using ceramic membrane with pore size of 0.05 lm. As well a comprehensive optimization of the effects of the system variables for the removal of residual catalyst is performed.
Methodology

Transesterification reaction for the production of biodiesel
The quantity of crude biodiesel required for the purification process via membrane system was prepared using a batch reactor. Palm oil, methanol and potassium hydroxide (KOH) were used as raw materials for the biodiesel production. Alkaline metal hydroxide and potassium hydroxide (KOH) are employed in producing crude biodiesel in comparison with metal alkoxides such as CH 3 ONa and CH 3 OK because it is cheap and readily available. Besides high biodiesel yield more than 98% is attained using moderate conditions of temperature, pressure and molar ratios [6] . In this research work, a batch reactor with a size of 5 l was employed in producing the crude biodiesel. A catalyst concentration of 1 wt%, KOH, and a molar ratio of methanol to oil of 6:1 was used for the biodiesel production. The reaction time for the biodiesel production was 1 h and the operating temperature was 60°C. The required quantity of KOH was thoroughly mixed in the required quantity of methanol. The carefully mixed catalyst and methanol were then fed into the reactor containing 2.5 l of palm oil. Several experimental runs were carried out using 2.5 l of palm oil per batch. A water bath was used to heat the reacting content to a temperature of 60°C. The contents of the reactor were thoroughly mixed with a stirrer of stirring capacity of 645 rpm to enhance its mixing. These reaction conditions were based on the reviewed literatures [6, 8, 23, 24] .
After the completion of transesterification reaction, the crude biodiesel consisting of residual catalyst, free glycerol, and other by-products was allowed to settle overnight. The settled biodiesel mixture provided two distinct phases; the upper biodiesel-rich phase and the bottom glycerol-rich phase. The two distinct phases (biodiesel and glycerol) were then separated using a decanter. After which, residual methanol was removed from the crude biodiesel using rotary evaporator. The biodiesel generated was then subjected to membrane ultra-filtration process for the removal of the residual catalyst. In this work, in order to obtain sufficient biodiesel samples, quite a number of experimental runs were performed. The samples of biodiesel produced were properly stored in vessels in a suitable place. . Fig. 1 shows schematic diagram of separative membrane system for the refining of the crude biodiesel. The set up comprised of the feed tank, membrane module, water bath, circulating pump, and digital balance, etc. Pressure gauges and temperature indicator were provided to monitor the transmembrane pressures and temperature of the membrane system. The biodiesel samples were fed into a 5 l feed tank and circulated via the membrane system using a circulating pump. The membrane biodiesel refining process was performed using operating conditions presented in Table 1 . The Selection of the levels of each design variables was based on the data available in the open literatures [25] [26] [27] . The inlet and outlet pressures at the ends of the membrane tube were carefully adjusted using the valves in order to achieve the designed experimental conditions. In addition, the system temperature was monitored through water bath. Using the membrane with the pore size of 0.05 lm, quite a number of experimental runs were carried out. These experiments were carried out based on the design of experiment. Further, to improve the separation and retaining of impurities such as residual catalyst, acidified water was added. During the refining process, the biodiesel concentrate was continuously circulated through the membrane module. Afterward, a digital weighing balance was used to automatically measure the mass permeate fluxes at an interval of 10 min. The refining processes were halted after 1 h of operation. At the end of every refining process, both the crude and the refined biodiesel samples (permeates) were taken and analyzed.
Operating system variables
The main operating variables assessed for the refining of crude biodiesel via the ceramic membrane system are TMP, temperature, and flow rate. These operating variables are varied: flow rate of 60-150 L/min, temperature of 30-50°C and transmembrane pressure of 1-3 bar. The potassium contents were denoted as percentage (%) and the permeate fluxes generated were expressed as kg/m 2 h. The selection of the ranges; temperatures of 30-70°C and flow rates of 50-150 L/min for the refining of the crude biodiesel was based on the published literature in which considerable potassium content was retained, with biodiesel having low potassium content being achieved [27] . Further, transmembrane pressure of 1-3 bar was reported to be a good operating condition for the purification of crude biodiesel by means of a membrane system [28] .
Experimental design
Design Expert software, version 8.0.0 (Stat-Ease Inc., USA) was employed in this work, to conduct the experimental design and optimize the system operating variables. Central Composite Design (CCD) coupled with RSM was selected for the purpose of this design. The three independent design variables were transmembrane pressure, flow rate and temperature, and the response was the catalyst removal (%) based on membrane ultra-filtration process. In this design, six replications of center points in a randomized order were applied; this is because of the natural variations, and to have a true measurement of error and stable predictions. Comparing with classical technique which uses one variable at a time, this technique can resolve the interaction of effects of variables, as well as providing good errors estimation. Additionally, the time and cost of experiments are reduced since the overall number of trials is reduced [29] . The second-order polynomial presented in Eq. Removal of residual palm oil-based biodiesel catalyst using membrane ultra-filtration technique: An optimization study (1) elucidates the relationship between dependent and independent variables:
where Y is the dependent variable; Z 1 , Z 2 and Z 3 are the independent variables; a 0 is the intercept, a 1 , a 2 , a 3 , are linear coefficients and a 12 , a 13 and a 23 are the interaction coefficients, a 11 , a 22 , a 33 are the quadratic coefficients, respectively.
Membrane cleaning process
After each run, the membrane module was scrupulously cleaned with detergent and water until complete biodiesel removal was achieved. Subsequently a solution consisting of 1 wt% NaOH at a temperature of 70°C was circulated for 45 min through the membrane module. Water was then used to clean the membrane module which was then rinsed with warm distilled water. It is important to mention that, proper cleaning of the membrane module is necessary to protect the equipment, restore its permeability and maintain its performance.
Biodiesel characterization
The contents of potassium were measured before and after membrane ultra-filtration process via the PerkinElmer Optima 7000 DV ICP-OES (PerkinElmer, Inc., Shelton, CT, USA). The instrument was outfitted with WinLab32 and a carrier gas (Argon (99.99%)). For the potassium analysis, the wavelength was position at 766.486 nm. The oil standard for potassium, 500 mg/kg, and based oil were supplied by Conostan Company. To dilute the standard at six different concentrations (0.5 ppm, 1 ppm, 2 ppm, 5 ppm, 7 ppm and 15 ppm), Xylene solution (Merck, >99%) was used. To carry out the calibration, the resultant solutions were injected directly into the ICP-OES. The correlation coefficient (R 2 ) was obtained to be 0.99 which showed good linearity. The Instrument Detection limit (IDL) which was found to be 0.03 mg/kg was determined by three times the standard deviation of the blank (ten replicates). Furthermore, seven portions of calibration standard of 1 ppm were papered and analyzed for the calculation of method detection limit (MDL). Then the standard deviation of seven results was calculated and multiplied by 3.14. The attained MDL value was found to be 0.1 mg/kg. All samples of biodiesel were injected to ICP-OES and after the determination of potassium peak area, the content of potassium in each sample of biodiesel was calculated with reference to calibration [9] .
The coefficient of retention (%R) of potassium content was determined using Eq. (2):
where Y f and Y per are the mass fractions of potassium in the crude biodiesel and the permeate, respectively.
Results and discussions
Residual catalyst separation process
Ultra-filtration is a well-known membrane separation process which consists of different module configurations such as hollow fiber, flat plate, tubular, spiral wound and rotating devices. Dead-end and cross-flow configurations are the two standard modes of ultra-filtration operation. In the cross flow approach due to a pressure difference, the targeted fluid permeates through the membrane. This process reduces the formation of filter cake and keeps it at a low level [30] , and this makes it suitable for different refining applications. Thus, cross flow route was adopted in the refining of the crude biodiesel produced to remove the residual catalyst, in order to ensure that the final biodiesel fuel meet the standards specifications of ASTM D6751 and EN 14214 for use on diesel engines. The refining process was started by separating biodiesel from glycerol via decantation and subjecting the biodiesel to rotary evaporation for the complete removal of the excess methanol. Acidified water was then added to biodiesel which lead to the formation of aqueous phase containing catalyst and other related water-soluble substances. This process aided the reduction of biodiesel solubility in glycerol, and led to the retention of the impurities by the membrane [25] . The process of adding acidified water helped in breaking down the soap formation into water soluble salt and free fatty acids, in addition to the acid neutralization process of the alkaline catalyst [20] . After membrane ultra-filtration process was done, the analysis carried out showed that application of membrane with pore size of 0.05 lm could provide biodiesel with low potassium contaminant, with some of the biodiesel samples meeting the international standard specification as shown in Table 2 . As well, addition of acidified water generated higher permeates flux but sharp drop in the fluxes were observed. This could be attributed to the initial permeate flux stabilization.
It is worth mentioning that removal of catalyst (potassium) in biodiesel is essential, because the presence of catalyst substance is strictly limited by the biodiesel international standards specifications. The main difficulty associated with potassium impurity is that when burning fuel in the diesel engine, the remaining metal contained in the catalyst will be transformed to ash, and this may cause sulfated ash limit to be deviated. Both ASTM D 6751 and EN 14241 have specified catalyst and ash content of biodiesel to be 0.5 mg/kg and 0.02 wt% respectively. The presence of this metal is also associated with biodiesel instability. In addition large effects on biodiesel fuel oxidative stability could be noticed even when trace amounts of this metal are present. Furthermore presence of K can also increase corrosion rate of fuel systems and increase in sludge and deposits build up. Many of these spent potassium salts have low melting temperatures and may cause engine damage in combustion chambers [31] . It was noticed that presence of potassium in the final biodiesel product caused formation of insoluble soap and as well lead to deposit formation in the vehicles filters. Consequently the residual catalyst ought to be eradicated after which the quantification of this metal becomes essential to guarantee the quality of the final biodiesel product [32] .
Determination of permeate fluxes
To ascertain the suitability and applicability of the membrane applied, the initial permeate fluxes were determined using distilled water at a flow rate of 150 L/min, temperature of 50°C, and transmembrane pressures of 1, 2 and 3 bars, and were found to be 67 kg/m 2 h, 72 kg/m 2 h and 81 kg/m 2 h respectively. These conditions were employed as point of reference to examine the cleaning efficiency of the membrane. The permeate fluxes of the membrane system are presented in Fig. 2(a-d) respectively. It can be seen that Fig. 2(a-d) presents reasonable steady state permeate fluxes over the course of the runs, indicating that a steady state gel layer thickness was attained. The gel layer accumulated on the membrane surface dominated the flux decline and the effect of viscosity became negligible [24] .
Further the permeate fluxes generated were presented as a function of time for the ultra-filtration process. The permeate fluxes found vary and were based on the combination of the system variables. The permeate fluxes decreased in the first (30 min) after which the fluxes attained a steady state values as shown in Fig. 2 . The optimum operating conditions for the membrane were: Temp = 40°C, TMP = 2 bar, and flow rate = 105 L/min, which were determined at the center points.
Application of Response Surface Methodology
This study investigated the relationship between three independent variables (Temperature, TMP and flow rates) and the response (catalyst removal). Hence, RSM was employed to investigate both single and interactive effects of the variables and also facilitate optimization of the post-treatment process. With the help of RSM, a model was fitted to determine the removal of the catalyst. The variation between the predicted and actual removal of catalyst signified that the model does not require any transformation to augment its accuracy.
Additionally, to get high-purity biodiesel, this work was centered on optimizing system variables such as temperature, flow rate, and TMP via RSM. This is to enhance the membrane biodiesel separation and purification processes which provide less costly biodiesel refining process in an industrialized level. The Response Surface Methodology is selected to optimize the system variables as it is adequate to evaluate the effects of system variables on the performance of the membrane refining of crude biodiesel. Thus the system variables chosen were applied to obtain the most favorable conditions that have effects on the refining process using Response Surface Methodology. For each experiment carried out, the coefficient of retention (%R) was determined. Table 3 presents the coefficients of retention of the membrane system. Based on the data obtained; it was found that refining of crude biodiesel is dependent on all the system variables. The coefficient of retention (%R) of potassium which enabled high-quality biodiesel during membrane refining process was found to vary from 79.9% to 95.1%. And the best retention of potassium was obtained at the center points. The main advantage of Response Surface Methodology is that the interactions of system variables are measured in the experimental design and is observed easily based on the resultant regression equations. Diagnostics of the residuals, the variation between the actual and the predicted potassium content, demonstrated that transforming potassium model is not required to enhance its retention. Thus, using Design Expert software to determine the curvature effects, higher degree polynomial equations for instance quadratic and two factor interactions (2FI) models, etc. were fitted with the data obtained. Based on ANOVA analysis, the experimental data were best fitted using quadratic model [2] . The ANOVA was performed to ascertain its significance. Conse- quently, the designed experiments were investigated via ANOVA at 95% level of confidence.
The quadratic model for the membrane system
The quadratic models to predict the retention of potassium (K) in terms of coded factors is given in Eq. (3):
where %R is a function of transmembrane pressure (X 1 ), temperature (X 2 ) and flow rate (X 3 ). The negative sign indicates antagonistic effect whereas the positive sign in front of the terms shows synergistic effect. The analysis of variance (ANOVA) was performed to investigate the fitness and significance of the predictive model. The analysis of variance shows the influence of each variable and their interactions on the removal of catalyst. As shown in Table 4 , the analysis of variance on the basis of small p-value which is less than 0.0001, showed that the predictive model is very significant. The p value is the probability value employed to determine the significance of each of the coefficient which may invariably show the pattern of the relationship between the variables [2] . The p-values from the ANOVA tables showed that all the linear terms were statistically significant. Furthermore, to minimized error all coefficients were considered in the design. The significance of the result being obtained is judged by the closeness of its p-value to zero (0.00). For the effects to be statistically significant, the confidence level should be 95%, this shows that the p-value is less than or equal to 0.05 [33] . The significance means that a value that would be achieved from experimental noise is smaller than the approximated value of the variable coefficient [34] . It can also be observed that the statistical analysis of variance shows the overall model p-values to be lower than 0.0003, which presents high significance. Moreover, testing of lack of fit generated p-value greater than 0.01 which signifies that the model was able to explain all the data well. Lack of fit F-test was used to test the adequacy of the model generated [34] . Since the probability value was more than 0.05, the lack of fit of the quadratic model was not statistically significant. This implies that the model equation has almost accounted all the variations that might have existed. It is worthy to state that lack of fit is the difference of the data around the fitted model. A higher order model or a transformation is required when a significant lack of fit is obtained; this perhaps indicates that the model is not well fitted with the design points. Furthermore, for the reliability of the model to be ascertained, the data generated should be predicted with reasonable accuracy by the model compared to the experimental data [2] . Fig. 3 presents predicted and experimental values for the retention of K (potassium) using the developed model equation. The Fig. 3 showed that the model was able to successfully and adequately capture the correlation between the system variables and the response, %R (K). Also, to validate the model, coefficient of determination (R 2 ) was evaluated to determine the goodness of fit of the model. It was reported that for a good agreement between predicted and experimental data to be achieved, values greater than 80% should be achieved [33] . In this work higher coefficient of determination (R 2 = 0.9343) for potassium was obtained. This indicates that the agreement between the experimental values and the predicted values by the models is good [33] . The coefficient of variation (CV) obtained was 1.48%, lower values of the coefficient of variation (CV) ranging from 0.43% to 1.59% suggested good precision and reliability of the experiments [35, 36] .
Effects of system variable on the retention of potassium
The ANOVA Table 4 indicates that the linear terms, transmembrane pressure (X 1 ), temperature (X 2 ), flow rate X 3 , interaction term, X 2 X 3 , and quadratic terms, X 1 2 , and X 3 2 were statistically significant for the retention of catalyst (K) since the p-values for these terms are less than 0.05. Even though it is good to attempt the removal of the insignificant terms, however the terms were allowed to remain in order to improve the lack of fit p-value of the model. Figs. 4a-c illustrate the two and three dimensional surface plots of predicted K retention. The figures showed that the retention of K is affected by increasing the TMP, temperature and flow rates. Nevertheless, at very high temperature and TMP, the retention of K is low. It was observed by Wang et al. [27] that fatty acid is transformed into soaps formation due to combination of cations such as calcium, magnesium, potassium and sodium with the carboxyl anion. The soap molecule formed between fatty acid group with potassium and sodium is less hydrophobic than the soap formed with divalent ion such as calcium. Hence, due to the increasing miscibility with temperature and the possibility of size distribution of the membrane, not all polar molecules were cut-off by the membrane.
Optimization
There are numerous techniques available for optimizing a chemical processes. Based on the models predicted, numerical hill-climbing algorithms were employed to search for the most desirable outcome [37] . A comprehensive and up-to-date description of the most effective methods in continuous optimization was provided by numerical optimization. The knowledge of process optimization has played a vital role in addressing problems especially in the field of business, science, and engineering which focuses on the techniques that are most suited to practical problems [33] . Furthermore, system variables and response (potassium) with respect to high and low levels that satisfy the conditions defined for the optimum conditions are depicted in Table 5 . Hence the optimization was done based on the levels of system variables and responses generated; thus the optimum conditions are presented in Table 6 . At the optimum point, the comparison between the predicted and experimental values for the catalyst retention offers a reasonable accuracy with percentage error of 0.081%. Consequently, this study has proven that membrane technology can be employed to post treat crude biodiesel, in order to achieve high-quality biodiesel fuel that can be successfully used on diesel engines. In addition good agreement between experimental and predicted results validated the model and the existence of the optimum conditions. Also the p-values presented in the ANOVA table have justified the accuracy of the model. Hence, the results achieved demonstrated that Response Surface Methodology with suitable design of experiment can be effectively applied for the optimization of the system variables in a refining process. As a result this study was centered on the optimization via RSM for the refining of crude biodiesel using membrane technology. The optimization route can proffer valuable information pertaining to the improvement of economic and efficient process for the refining of crude biodiesel via membrane processes.
Process of membrane clean-up
The process of membrane cleaning was quite efficient and fast using 1% NaOH solution at 70°C which was circulated for 45 min and thereafter washed with warm deionized water. The cleaning of the membrane is equally important as the ultra-filtration process itself, since it is essential in the analysis of the technical and economic viability of the process on an industrialized scale, where repeatability and effectiveness are reasonably significant [27] . Thus, to ascertain the performance of the membrane, after each membrane cleaning process is completed; the membrane is run with distilled water to determine the permeate fluxes. The permeate fluxes generated in Fig. 5 signified that the performance of the membrane was wholly maintained.
Membrane resistibility to degradation
A fundamental concern when dealing with high base or acid catalyst concentration is the life of the ceramic membrane used during the membrane purification process. The ceramic membrane used in our experiments was able to resist the high base and acid environments. Biodiesel also presents very strong solvent qualities [24] . After several months of operation and contact with different basic and acidic solutions, no clear evidence of degradation of the membrane was detected. The absence of defects on the membrane used indicated its suitability for the refining of crude biodiesel.
Conclusion
This study was mainly carried out to develop a membrane system that can yield biodiesel that meets the international standards (ASTM D6751 and EN 14214) specification in terms of residual catalyst content. Thus, the ceramic membrane system developed was able to provide high-quality biodiesel with residual catalyst content in biodiesel reduced from 8.328 mg/L to 0.312 mg/L; this value is well below the value specified by both ASTM D651 and EN 14214 standards. The Response Surface Methodology (RSM) was used for the optimization of the system variables of membrane post treatment of crude biodiesel. Three variables, flow rate, temperature and TMP were found to be significant on the catalyst retention via membrane system. The best coefficient of retention (%R) of the contaminant was 93.642. At the optimum conditions, comparison between predicted and experimental values for the retention of catalyst showed a reasonable accuracy with a percentage error of 0.081% obtained. The results of the present study showed that the membrane post treatment of crude biodiesel could be environmentally benign. 
